The objective of the present study was to determine whether the duration of disease has any influence on the prevalence of glutamic acid decarboxylase autoantibodies (GADA) in Brazilian patients with type 1 diabetes (T1D) and variable disease duration. We evaluated 83 patients with T1D. All participants were interviewed and blood was obtained for GADA measurement by a commercial radioimmunoassay (RSR Limited, Cardiff, UK). Four groups of patients were established according to disease duration: A) 1-5 years of disease (N = 24), B) 6-10 years of disease (N = 19), C) 11-15 years of disease (N = 25), and D) >15 years of disease (N = 15). GADA prevalence and its titers were determined in each group. GADA was positive in 38 patients (45.8%) and its frequency did not differ between the groups. The prevalence was 11/24 (45.8%), 8/19 (42.1%), 13/25 (52%), and 6/15 (40%) in groups A, B, C, and D, respectively (P = 0.874). Mean GADA titer was 12.54 ± 11.33 U/ml for the sample as a whole and 11. 95 ± 11.8, 12.85 ± 12.07, 10.57 ± 8.35, and 17.45 ± 16.1 U/ml for groups A, B, C, and D, respectively (P = 0.686). Sex, age at diagnosis or ethnic background had no significant effect on GADA (+) frequency. In conclusion, in this transversal study, duration of disease did not affect significantly the prevalence of GADA or its titers in patients with T1D after one year of diagnosis. This was the first study to report this finding in the Brazilian population. 
Introduction
Type 1 diabetes mellitus (T1D) is characterized by destruction of ß-pancreatic cells. In the vast majority of patients, this is an autoimmune process. Glutamic acid decarboxylase (GAD) is one of the autoantigens that trigger ß-cell-specific autoimmunity.
However, its precise role in T1D pathogenesis is not known. Other antigens are also involved, such as tyrosine phosphatase, carboxypeptidase-H, heat shock protein, insulin, pro-insulin, chymotrypsinogen-related 30-kDa pancreatic antigen, DNA topoisom- erase, glima 38, and GLUT 2 (1). Autoantibodies against some of these antigens have been used in clinical practice as important tools to elucidate difficult cases, when the classification of diabetes cannot be done solely based on the clinical presentation. Four of them are considered to be the most useful: islet cell cytoplasmic autoantibodies (ICA), insulin autoantibodies (IAA), glutamic acid decarboxylase autoantibodies (GADA), and tyrosine phosphatase autoantibodies (IA-2A). One or more of these markers are present in 85-90% of individuals with a recent diagnosis of T1D (2) .
ICA and IA-2A frequently decline following diagnosis of T1D. Only a few patients have circulating antibodies after 10 years of disease. IAA only has clinical value for diabetes classification if measured before starting treatment with exogenous insulin. Insulin antibody assays do not distinguish spontaneous autoantibodies from antibodies arising from insulin immunization, which commonly appear in patients treated with insulin. Therefore, ICA, IA-2A and IAA have a limited role in the investigation of patients with long-standing disease. On the other hand, GADA appears to remain positive for long periods of time. Antibodies against GAD are detected in 50-85% of T1D patients with a recent diagnosis (3). Although some investigators have shown a higher prevalence of GADA in newly diagnosed patients than in individuals with a longer duration of diabetes, persistent positive results are found in many cases (3) (4) (5) (6) (7) . As a matter of fact, GADA appears to be the ideal immune marker in patients already treated with insulin and with long-standing disease.
The aim of the present study was to determine the prevalence of GADA in a group of Brazilian patients with T1D with variable disease duration and to determine if the duration of disease has any influence on GADA frequency or its titers in this population of mixed ethnic background.
Subjects and Methods

Subjects
Between (8) , immunosuppressive diseases, or using immunosuppressive drugs were excluded. Individuals that had stopped insulin therapy for more than two weeks since the diagnosis of diabetes and had not developed DKA were also excluded. Random C peptide was measured in all participants and was used as an exclusion criterion if >1.5 ng/ml in patients with the duration of disease ≥3 years, which makes a diagnosis of T1D improbable (9, 10) .
Methods
In this transversal study, all patients were interviewed and asked about duration of their disease, age at diagnosis, current insulin dose, and initial presentation of the disease. Blood was sampled for GADA, random C peptide, and for other exams not related to this study. Before the beginning of the study, informed consent was obtained from all subjects. The study was approved by the Ethics Committees of the participating institutions.
GADA and C peptide measurement
After blood sampling, serum was obtained by centrifugation and stored at -70ºC for 1-6 months. GADA was measured by radioimmunoassay with a commercial kit from RSR Limited (Cardiff, UK). Sera were considered to be positive if antibody levels were above 1.0 U/ml. The inter-and intraassay coefficients of variation were 3.5 and 3.1%, respectively. All exams were performed in duplicate. Random C peptide was measured by chemiluminescence with the commercial kit Immulite (Diagnostic Products, Los Angeles, CA, USA) with inter-and intra-assay coefficients of variation of 7.6 and 8.2%, respectively.
Patient groups
Patients were divided into four groups according to time of diagnosis in four groups: 1) group A, 1-5 years of disease (N = 24); 2) group B, 6-10 years of disease (N = 19); 3) group C, 11-15 years of disease (N = 25), and 4) group D, >15 years of disease (N = 15). GADA prevalence and GADA titers were determined in each of these groups.
Statistical analysis
Data regarding GADA prevalence for the four groups were compared by the chi-square test and mean GADA levels were compared by ANOVA. The correlation between GADA positivity and age at diabetes onset was calculated by the Mann-Whitney U-test and the chi-square test.
Results
Descriptive data for the study population
Eight of the 91 individuals were excluded because they had C peptide levels of >1.5 ng/ ml and three years or more of diabetes. The study population comprised 51 females and 32 males ranging in age from 11 to 59 years (mean: 33.73 ± 28.48). Mean age at diagnosis was 19.24 ± 9.46 years (range: 2 to 49 years) and mean disease duration was 10.67 ± 7.37 years (range: 1 to 37 years). Fifty-two were white and 31 were Afro-Brazilians (11) . Diagnosis was established due to DKA in 30 cases and due to polyuria, polydipsia and nocturia in 51. In 2 individuals, diagnosis was established due to occasional exams.
There were no major differences between groups regarding disease presentation (presence or absence of DKA, P = 0.67), age of onset (P = 0.448) or sex (P = 0.9). In group A there was a predominance of non-white individuals (15/24 or 62.5%), while the other groups mainly consisted of white patients (13/19 or 68.4%, 19/25 or 76% and 11/15 or 73.3% white individuals in groups B, C and D, respectively; P = 0.024). Most individuals (N = 59 or 71.08%) were diagnosed between 10 and 29 years of age in all groups. Fifteen patients (18.07%) were diagnosed before 10 years of age. Twenty-seven (32.5%), 31 (37.3%) and 10 (12.04%) individuals were diagnosed between 10 and 19, 20 and 29 and ≥30 years of age, respectively. C peptide was <0.5 ng/ml in 79 patients (95.2%) and ≥0.5 to ≤1.5 ng/ml in three (3.6%). Only one patient had C peptide >1.5 ng/ml and had been diagnosed one year before the study.
GADA prevalence
GADA was positive in 38 patients (45.8%) and did not decrease as a function of increasing duration of the disease. The prevalence of GADA (+) according to duration of disease was 11/24 (45.8%), 8/19 (42.1%), 13/25 (52%), and 6/15 (40%) for the groups with a duration of disease of 1-5, 6-10, 11-15, and >15 years, respectively. There were no significant differences between groups (P = 0.874). There were no correlations between GADA positivity and age at diabetes diagnosis (P = 0.77) or ethnic group (P = 0.96). The prevalence of GADA (+) was 53.8% in women (28 patients) and 32.3% in men (10 patients), but this difference was not significant (P = 0.07). There were no significant differences between GADA (+) and (-) subjects in the prevalence of DKA at diagnosis. There was no correlation between GADA frequency and C peptide levels (P = 0.503).
GADA levels
There was no correlation between GADA values and duration of diabetes in patients with GADA positivity (P = 0.738). Mean GADA titers were 12.54 ± 11.33 U/ml. GADA levels according to duration of disease were 11.95 ± 11.8, 12.85 ± 12.07, 10.57 ± 8.35, and 17.45 ± 16.1 U/ml for groups A, B, C, and D, respectively (P = 0.686).
Discussion
Most previous studies have shown that patients with long-standing T1D have lower prevalence of GADA than those with a recent diagnosis. Surprisingly, in the current study, duration of the disease did not influence GADA frequency or its titers in individuals with T1D for one year or more.
One remarkable characteristic of this study population was the low prevalence of serum GADA (45.8%), with a slightly but not statistically significant higher frequency in women. Similar results were already reported in several groups with long-standing disease, although studies that included only new-onset patients reported much higher frequencies (12) (13) (14) (15) (16) . We might speculate that the relatively low prevalence of GADA in this group could also be due to a high proportion of patients diagnosed during adulthood, as it was previously suggested that T1D diagnosed in adulthood is associated with a lower frequency of this antibody (17, 18) . However, in agreement with data reported by Hosszufalusi et al. (19) , age of diagnosis did not influence GADA positivity in this study. We cannot exclude the possibility that this antibody could be less prevalent in the Brazilian population, which is a composite of different ethnic groups such as Amerindian, Black African and European than in purely Caucasian populations (11, (20) (21) (22) . It is known that GADA tend to be less frequent in Black African patients with T1D (23) . On the other hand, previous Brazilian studies have found a similar prevalence of GADA positivity in Brazilian and Caucasian European T1D (5, 24) . Finally, we believe that the lack of patients with a very recent diagnosis (<12 months) could be a major factor explaining the low prevalence of GADA in our study population, especially in the group with a shorter duration of the disease. One of the criteria used for inclusion in our study protocol was insulin therapy for ≥12 months after diagnosis. Therefore, all the patients included had been diagnosed at least one year before the study. Although we did not find any differences between groups defined according to disease duration in GADA prevalence or its titers, it is possible that GADA levels might have dropped significantly in the first year of disease or even earlier, during the first few months after diagnosis.
Even though the drop of prevalence in the first year of the disease is a possible explanation, most previous studies have reported a higher frequency of GADA in patients with T1D with a shorter duration of the disease regardless of whether this category comprised only individuals diagnosed for less than 1 year (5, 12) or included patients with the duration of disease up to five years (25, 26) . Interestingly, studies that consider <2 or <5 years of disease in the recent diagnosis category have demonstrated a relatively lower prevalence of the antibody in these groups (54.9-56%), closer to our results (25, 26) . Nevertheless, not all investigators have shown remarkable differences between individuals with recent and long-standing disease. Imagawa et al. (7) reported 55.2% of positivity in recent-onset patients and 42.4% positivity in the group with longstanding disease. A 5-year longitudinal analysis of GADA frequency and its levels start-ing at the time of T1D diagnosis revealed that levels declined with time, but remained positive in most cases (6). Borg et al. (27) also reported a high frequency of persistence of its positivity (81%) in a 12-year follow-up study. Although the current study has a transversal design, all groups presented a similar prevalence of GADA and similar mean titers, suggesting that the levels could be sustained in this population.
The factors involved in the maintenance of serum GADA are still to be identified. It is uncertain if the persistence is related to some residual ß-cell function (27) (28) (29) , but in our study, that included mainly patients lacking any insulin secretion, there was no correlation between GADA frequency and ß-cell function as evaluated by C peptide secretion. One factor that might have contributed to our results was the high mean age at diagnosis of T1D. It has been previously suggested that GADA could be more persistent in patients with T1D diagnosed after 15 years of age (30) . Finally, there are still controversial issues regarding GADA prevalence and titers along disease progression, as well as the factors that contribute to its persistence in serum. Further longer and larger longitudinal studies could help elucidate these issues.
This was the first Brazilian study to show that the prevalence of GADA and its serum titers do not seem to change significantly after the first year of T1D. This information can be particularly useful for the differential diagnosis of patients with long-standing diabetes mellitus who cannot be classified solely on the basis of clinical findings, and also for the better understanding of the underlying pathogenesis of T1D, especially in patients of mixed ethnic background. Interestingly, although the massive antigen delivery into the circulation that follows ß-cell destruction has already cleared in individuals with long-standing T1D, a significant percentage of these patients still exhibit GADA. This could suggest an ongoing production of the antibody possibly directed at the scarce remaining pancreatic sources of glutamic decarboxylase or at the non-pancreatic form of the enzyme.
In conclusion, in this transversal study, duration of disease did not affect significantly the prevalence of GADA positivity or its titers in patients with T1D after one year of diagnosis. However, further large longitudinal studies are required to elucidate this question.
